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Implications for the Alr Force

Traditionally there has been a coasiderabie
iag between the time a new piece of equipment
is introduced intc the field for operetional use
and the time at which @ supply of technicianz
trained to service and maintain the equipment be-
comes availabie, Since effective operational uti-
lization of equipment is dependent uzon sdequate
maintenance, this time lag is of serious cencem,

This Researcn Review describes progress to
date in a program of research directed toward de-
veloping procedures by iu.euns of which mainte-
nence requirements of new equipment can be
specified prior to the introduction of the equip-
ment into operational use,

The procedures developed involve the estab-
lishment of maintenance requirements onthe basis
of prototype equipment and determination of the
degree to which these maintenance requirementa
also spply to the operational equipment. Basic
to this procedure is an analysis of what a man
must do in order to check, adjust, troubie shoot,
and repair equipment, ot repiace components.
lnfoemation as to these requirements can be ob-
tained through an anaiysis of the equipment it-
self and from aneiysis of such supplementary
data as maliunction records.

The techniques which were deveioped were
applied to the Q-24 prototype, and the informe-
tion yieided compared with results of a similar
analysia of the preduction model of the Q-24 used
in the Strategic Air Command, The requirements
for checking, troubie shooting, and for other us-
pects of the maintenance job down to thereplace-
ment of plug-in assembiies or ‘‘black boxes,”’
established through analysis of pruforype equip-
ment, proved very simllar to the requirements aa
established by appiication of the technique to
operational equipment, Thia indicates that Im-
portant progress could have been made in the
troiaing of Q-24 mechenics peior to the introdun
tion of production models of the equipment. De-
finitive informetion was not obtained regarding
the correspondence between prototvpe and pro-
duction models with respect to tequirements for
repaiting of equipment within the ‘‘black boxes.”’
There is reason to believa, hnwever, that, even
with respect tc these activities, training require-
ments could be established on the basis of anal-
ysis of the prototype.

This researchalso had othes valuable outcomes.
F:n example, an importeal requirement for the

mimplification of technical orders, with respect
to terminology and form of presentation, became
evident, The research aicohighlighted the impoe-
tance of coordinating equipment desiga and job
deaignat an sarly atage of squipment development.
Ffiective equipment design must take into ao-
count the cepebilities and the limitatioas of
the human beisgs on whom effective opersiicas)
vee of the equipment dependa, Another importent
outcome of the project was deveiopment of ihe
**Standard Maintenance Forn,'’ This formprovides
a procedure whereby malfunciion data can be re-
conied simply and in an otganized feshion to
yield @ basis for meaningful analyses of mal-
functions.

Although valuable by—ygsodicts buve beenyield-
ed, the major outcome of this research progran
concerns the preidiction of maiuienance require-
memnts of opewtional equipment from prototype
data. Research now in progress, and future re-
seearch, will demonstrate whether specific and
detailod maintenance job requirements can simi-
larly be anticipated with other equipment. If these
saintenance requirements can bw predicted, the
mathnds of job require=2=t anticipation developed
in thia research can be recommended as standard
prectics, 17 eccurate antisiostion of =aistssascs
job requlianents can be sachieved, yemrs of iead
time can be saved whenever it is deemed desiza-
ble to take the ‘‘calculated risk’’ that the proto-
tvpe equipmont actually will go into production,

This Reseerca Review will be of interest to
training personanel, cgerstional perzonnel, and
military psychologists,
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Anticlpoting Tomorrow’s Maintenance Job

Complex Machines and Simpie Jabs
{atrad oot

Frequently a coasidersble .pariod elapses be-
tween the time a vow equipment is sent into the
fteld for opertional use and the time st which
tecanicians tmined to service tia! sgalpment
bhecome svailable. Thia impairs operational mti-
lization of the equipment until such time ss sde-
quately trained technicians are available. It is
therefore highly imporiant to develop precedures
wheteby m=intenance requirements of new equip-
ment can be specified prior to the introduction
of the new equipment for operational use. This
can meke possible prior raining of maintenance
personne! 2od reduction of the time lag between
introduction of new equipment and the availahility
of trained malntenance pessoanel in sufficient
number to meet operstional requirements. A con-
tribution towards reeching this ideal can, of
course, e made theongh simalification of the
maictenance taslk.

rhe resecse: ~x=cd by ithis report isdirected
pimardly towerds the development of a swthod
for anticipating maintenance job w
piiss to the latrodicton of oew equiggemi inio
the field.! The steps in the following sectiva
summarize what was dose in andving st a nethod
for making such anticipations.

Prelintnery lnvestigation
Initiel tngquiry; Soloction of an Equipment for Seudy

in this investigation of procedures for antici-
pating maintenance job requirements, it wsa feit
necessary flrat to select an equipment ot equip-
ments which wonld be the focsi point for the re-
acarch. Although the primary concem eventually
wonld be with anticipating maintenance job re-
quirements for equipments which hed not yeot
been built, it zeemed at this stage that sn exist-
ing equipment would provide s more concrete
basls for the preliminary investigstion. The Air
Force suggested thzt airbome bombing-naviga-
tional equipment would probabiy offer a fruitful

‘m. report represents o summary presentation of mas
torial included In more extensivi tactnice! publicetiznie
Coples of these pubdlicetions «s svelladble upon request

(1, 2 3

resesrck area. in keeping with this suggestion,
the AN/APQ-24 Radar Set, manufsctured by
Weatem Electric Company, snd the K- Bombing-
Nsvigutional System, msnufactured by Sperry
Gyroscope Ccapany, were selected for study.
When this study wus initiated, the Q-24 had been
in use for some time longer than the K-I. The
investigation waa therefore atarted on the Q-24
la order to take advantage of the greater backiog
of expetrieace on thst equirment.

it was thought desirable, after the particular
equipment had been selected for &8 focai point, to
gother ss8 much information sbout the job of
maintenance s& could precticably be obtained.
1z paiticular, information pertaining to Q-24 main-
ienaoce was sought. On the h=zia of this pre-
liminary information, it might be possible to de-
velop more refined techaiques of investigation,
if such were required.

it seemed thst one way to collect scme of this
information would be to atudy the records which
hed been kept of mmintensnce activities. Con-
sequently, this posxibility was investignted first.

lovestigetion of Muintonence Rocorde

Yisits were made 0 Al Maletiei Cummand
(AMC) snd to the base et which sdvunced engi-
peering testing of the Q-24 was being carried out.
Mainteasncs records were studied in the hope
that they wouldreveal the kinds of problems main-
tenance mechanics were required to solve. More-
ovet, it wss hoped that sume informaetion might
be gleanod from the records on how the mechanics
solved these problems. A comparson of these
two sspects of maintenance between protutype
and production modela wouid be one index of the
degree to which mainteniance job requirements
couid have been anticipated ifor the -24. It wes
found. hovever, that although some infometion
weas available on the malfunctiona which  had
been encountered, these records provided no
data 2n other argcoes of the maintenance job. The
generai conclusions as {0 the limited usefulness
of these records we:e confimad by the reports
of various maintenance officers, These cnaclu.
sions were that the so-~called ‘‘Unsatisfactory
Reporta’ did not cover all malfunctions which
deveioped in the course of engineering ‘testing
or in operstions. Therefore, these reports could

e e G i v AP § U Y k8 00 - B B A

e e 3 e o et i

ikt



o
s

+ 4% el Ly = k|

,-_-—ﬁ*

PR PRIPE e

- ov.oe -

e + 880 P T PO S

S | I e | v

o Gt i -k G PR © @ 4 e S W § S0 smod &' 1) RN

A" v ammma tvse: o v

not be trusted ss being representative of malate-
pance problems. Secondly, the reports frequently
omitred clesr (ot in fsct, any) statementa of symp-
toms. Usually the finel corrective action or re~
placement made 'waz 2ll that wag stated in the
teport. This is to some degree understandsble
since the phncipal bagis for the report wes to
help the factoty ioprove the design of thy eqnip-
meat.

in interviews with persons on these field trips
it wag s ggested that the technical orders for the
oquipment migis offer some clucs for direction
of the investigation. This source was thersfore
looked Into next.

Tockaies! Ordurs 2= the O34 Bquipment

It was thought that study of the techaical or
ders would provide more infomaticn on the strac-
ture, responsibilities, znd problems of the =nin-
tenance job. Techaical orders oo the K-1 were
not yet avellable at that time, but the techanica!
osders for the Q-24 showed quite cleerly, when
stadied in the light of what bad been leamed In
Interviewa with pemonne! in the fleld, thet the
job of mainteamnce consisted of more then just
fiading troubjies in & malfunctioning set. Much of
the job apparestly a)nzisted of relatively routine
activities such o checking the equipment for
peoper opetation.

It sesmed, thorefore, thet suffi~ient information
had beea collected to pemit setting up a teets-
tive cutline of maintenance job activities at this
time. This cutline would help structure data col-
lection =nd other research activities.

Defining the Mutntenance Sob

The first poiat which vwas esteblished was that
the project would be concemedonly with the tech
aical sspocta of the job, Thet iz, given an equip-
ment and the nscessary tools sod test equipment,
whet most the dalatssance mechanic do in order
to perforin his job? Other aspects such as e
motivation of the mechenics, aithough crdtically
Important, were set aside.

Followiag the laitial investigetiong in ke feld
and preliminary study of che technical menuals,
some definitions were =ove o loss atbitrarly set
up by the project staff. These definitions were
jatended tobe exhaustive of the tachnica! sspacis
of the meintenance job,

The first of these definitiors waa that of the
maintenance job as such. The wechanic’s techni-
cal job was defined as ‘“finding out if the equip-
ment is opersting within tolerance limits, end
loceting and correcting the causes for outeof-
toierence operstion.”” These tolarance fimits are
specified by the maaufacturer a2 !y various
militury agencies.

Withiz thia more or less general definition, the
functions of the job wete defined. These =22¢ cov-
ered by: chacking and adjusting, trcable shooting,
seplacing of components, and repainng of compo-
nents. Formal definitions were prepared for esch
of thess categories. The later analysis of job
bsheviors was to revnive around these job func-
tions as they were deflined. No new categociesn
appeared from later investigation.

The preliminary analysis cutlined sbove pro-
vided the gronndwark for sgecceding steps in
this research, With az cquipaent selected for
initial work, & preview sbtained regarding what
could be expected from mu.ntensnce records asd
technica] ordets, and the meintenance job tents-
tively defined, it was possible now to begin fill-
ing out the preliminaty analysis.

Fliling Owt the Preliminery Anelysis

Imsiviows w3 iadiory design engineers, Trps
wers made to the factories which manufactured
these eQuipments. interviews were held with the
personnel who were intimately involvad in the
design, construction, reco.ding of deta, and other
functions having to do with the prototype and
production mode! development. Information and
informed opinion were obtained as to the kind and
extent of maintenance job behaviors which could
be predictel from prototype equipment. The opin-
jons exprexsed by differeat people tended to-
ward wide divergence. These divergences were
teconciled leter in the Course oi the project as
edsing from diffaseat interpretations of the ‘‘main-
tenance job.*’

Study of exieting treining of electronics mmine
tenance persunnel. Visite were pald to various
inatallstions which truined maintenance me-
chanics for the AN/APQ-24 and K-1 jobs in an
effort to determine what were the sources of job
data used in setting up the :raining progrems,
These visits inciuded factory tiaining establish-
weants and Air Training Commaad installations.
Some inquity was also condn~-d into on-the-job
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training 1n the Strategic Alr Commesd. Course
syllebuses and other printed material gged in
training were obtained. Inquiry was mede stHeed-
quarters Air Trelaing Command, Keesiet AFD,
and Lowry AFB 88 to how traiaing requitements
ware oblained by ATRC, and from what job be-
hsvior data e curmiculs were estahlishod and
training criteds s=t oo, Thc (sspvasivie personn
interviowed expressed regret thst they could not
provide useful information s to the sources of
such data sand disappointment over the fact thst
no such sources seewed svailable.

Cullecting of mslfunction records at 4ir Prov-
ing Ground. Several visits were paid to the Alr
Proving Ground in sn effort to iearn more about
what happened duriag sperstional suitability
testing in view of job snticipationa, Charsc-
teristic procedures were se: dowr, Copias of
maifunction records were obtained, but like the
records at AMC, they seemed to lack complete-
ness of coverage (malf unctions considered mirs:
from the standpoint of equipment modification
tended not to be recordsd) aud individual reports
lacked important behavioral data.

Viaits toStratedic Air Command banes to etody
on~the~job activities, Two SAT bases were visited
for aeveral weeks each. Each of these bases had
some electronic equipmentof the type uader study,
Da-thoidct ocliviiizs weve obmerved directiy; a
study was made of types of jobassignments given
to varioua echelons of maintenance, and methods
of getting maifunction records wer= aoted, Copies
of malfunction records were made for later analy-
sis st the American Institute for Research. ln-
formation and opinion were cbtained -y extensive
intarviews  with persoanel from commanding
officers to airmen.

Althongh the distinction between echeions of
maintensnce (such as fiight line vs. shop levsla)
wss fairly well established, asaignment of indi-
viduals was Uy numedncei need rather than by
kind or leval of training. Fot exampie, individ-
usls were found working In the shop who had
been trained only fc- the job ={ chockor at the
flight line level of mrintenance, according to
then-existing policy. [uterviews indicated that
trouble shooting was generelly more trisl-and-error
tkan systematic. Aitempts here, as 1n the ATRC
installstions, to obtain a set of systematic trou-
ble-shooting techniques were met by zome vario-
tion of the stitement: 4 good troudlc shooter has
to have ‘‘experience,’’ and hay to ‘‘know’’ his

e
- - el -Cere

oquipment. Further sttempts to pin down the be-
huviorai variables in what wss meant by ‘‘ex-
pedeuce’’ and ‘‘knowing the equipment’ led to
psraphrases of the originul statement as quoted.

Utilization of Mg!stanance Recerds

As inentoned in the previous paragrashs, main-
teuance records In existence st the time of this
investigation aid not conlain the behaviora] data
needed for this research, In view of the dissar-
isfsction with maintenance records felt not onrly
by Ametrican institute for Research personne! but
by msny key persons desling with thia equipment,
the development of a new reporting form was un-
dertaken. Many responsible persons connected
with both design snd maintenance of altbome
electronic equipment had agreed thst s systematic,
standardized wmethod of teporting meintenance
asctivities would be valusble in impymving future
maintensnce ss well as providing the job be-
havior dets required for this research.

Develupmens of s Standerd Melntenente Form

In view of the dissatisfaction with malfunction
records, felt not zaly by the research personnel
but by mary key peraons dealing with this equip-
ment, the development of a new reporting form
waz sadertaken., Thia aew report form Came to
be known as a Standard Maintenance Form (SMF).
It was intended to be ‘‘standard’’ for a given
equipment. slthough most of the categuries in-
cluded in this form were believzd to be relevant
to say electronic equipment end to some me-
chanical equipment. The fom vwsa based on an
analysis of the Information needed in getting to
know sbout the mechanic's job ss well ss abou!
the equipment and operations. It wsa expected
to require s minimux of wdting while getting a
maximum of cleamess and detail as to what hap-
pencdln every maunienance incident, Maintenance
activiry an2!7zis based on these SMF reports
wauld toil the kinds of trouble which came up,
the {inaicomective action, and some of the steps
In between, It wouid siso direct sttention 1
problem spots in the equipment and indirectly to
problexs {n canying out the maintenance job,
{A saaple Standani Muinienance F orm 18 presented
in Appendix A.)

A detailed set of purposes and a rationale was
prepared for the SMF. In the rationale each item
ot cutegory was reiated to one of more purposes,
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and a discuasion was given sa to how the data
ottained would serve that purpose (1),

Y.rou's of the e 24 Melntonance Fom

After several preliminary revisiona, the SMF
was tried out et Hunter, Castle, snd Carsweil Air
Force Bases. !t was also used briefly at Eglin
AFB. The fomm and {ts purposes were endorsed
by persors of staff responsibility, and the for=
demonstated that it could provide morr useful
information than any other record system seen to
that date. It became cloar, however, thst the con-
sistsct 238 of s new record system, no matter how
useful it might be, requiree = progrem of indoc-
trinstion, training, snd monitorng. This program
seemed outaide the ncope a2 zasources of this
project. Nevertheless, the SMF can be recom-
mended aa a sound prnciple in data gathering
for operations tesesrch.

Important as SMF datz may be as supplementary
informetion, it was found in a later phase of
this research thst other procedures can provide
job snticipation dsta with lesa expense and ef
fort. This conclugion becomes s'! the more
strengthened whea the original premise of trouble
shooting by frequency or ‘‘probabilities” is re-
placed by the sounderprocedure of troubie shoot-
Ing by logical elimination. (See the aection en-
titled ‘ Trouble Shooting®’ far a fmiler diernsslax
of mis topic.)

An Altemeative » Maintenance Reco-ds

It was upoarent that if a job anticipation pro-
cedure were developed which depended upon
maintenance records for Its datu, application of
that procedure would be difficult. Furthermore,
even with the standardized reporting on the Stand-
ard Maintenance Forz, the behavioral detail re-
qulred for & comprehensive analysis of the job
wss lacking. These corsiderations led to a re-
asaessment of the approach which had been taken.

The {irst point which came up was the distine-
tion between the various levels of maintenance.
This problem had been given very brief consid-
eration earlier, The observation of operations :n
the field led to tevigion in thinking on the divi-
sion of the maintenanc: job. This division Is
dizcussed in the section which follows.

Development of Distinctions B2t woen
Flight Line ond Svep Melntenance

Exixting policy split the flight lina ick int~
that of system _hecker and system anslyst, The

= Ve . b
e T RN e =
R o v

e e = e e e e e
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man who worzad {n the shop was called a compo-
nent apevialist. The mpilt of line maintenance
into two jobs seemed impracticel In view of fleld
conditionc. The ceiticel distinction, however,
scemed to lle between line maintenance which
invcives working down to the ‘‘black bHox*’ level
snd shop maintensnce which Involvee work within
the *‘black box. '’ Slace this distinctior Is an
importeat one for this resedarch, it deserves some
smplification.

A combination of logical analysis of the equip-
ment as s system plus the study of field practices
showed that the job requirements of mechanics
who did checks and sdjustments end trouble
shocting (n the aircreft on the flight lne dif-
fered izportantly from the petters of job require-
meuts of shop mechanics. The sharpnesa with
which this distinction betwesen line mechanics
and shop mechenice is mede differs from bese
to bese. However, the distinction eppesrs nseful,
In general, on the flight line the mechani~ works
down to the plug-in sssembly. If he cannot bring
s plug-in unit Into apecified tolemncs, it =ay te
replaced with s good one from the shop. if this
line-shop distinctios ia maintained he does not
trouble shoot within thia assembly. Therefore,
as a minimum requirement for this line sctivily
he needs to'‘know’’ and work with the equipment
only at the biock diagmm level. The block dia-
fau shows huw ine varioua plug-tn units or
black boxes tie in with each other.

To work within the asvembly a different set
of knowledges and slills ls called upon. This
muy require working with circuit diegrams and
soldering and unsoldering wires within the plug-
in ussemblles in order to test resistors, con-
densers, and other parts. This ahop activity,
Involving check and trouble-shooting procedures,
does not usually parallel the somewhat :ote
standardized uctivities which are 8 major portion
of the lino maintenance job sz defined sbove.
Although this distinction may nnt be made usi-
formly at all bages, it is very useful in the further
consideration of equipment analvais wnd the pre-
diction of maintenan~= requirements,

These considemtions would indicate that the
decisions of the design engineer about the basic
piug-in assemblies are critics] ones to the anti-
cipation of the job of maintenance and the leve!
of training and =Xill required on the Ine, ss
defined in the preceding parsgraph, In cther
woids., il scans noxxipie that the line level
maintenc~~e job could he anticipated with greater
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succesa thar could the shop level lob when the
anticipstion is based on prototype equipment,
This hypothesia accouats for some of the di-
vergences of npinion evpressed eardier oz %o
practicality of anticipating maintenance job re-
quirements {rom protctype equipment.

Distinguishing between line and shop leveln
of maintensnce Lelped lav the groundwork for the
development of the method of aquipmeit anslysias,
Since the activities of the hu=sns in the man-
mechine sysiew of saisterance, as reported in
maintenance reconis, were insdequate for the
tssk at hand, it seemed ressonable to turn to the
machine part of the team. The study of human
sctivities was called activity anelysis. Study of
the maintenance job requirements from the view-
point of the equlpment wss called equipment
analyaie, This latter technique, which hes vielded
very salislacloty tesulla, is din*ussed in the
following section.

Equipment Anclysie oo ¢ Tochnique

Activity analysis of meaintenance behsvior on
prototype equipment even under ideal conditions
left 1age pasts of the job unknown. The rcutines
of checkingz, sdiusting, sad sligning, the de-
tailed steps to be taken in replacing parnts of
the equipment, were not spelled out. The mental
processes leading to decisions in efficient trou-
bie shuuting and currecting of maifunctions were
not effectively covered. An sdditional technique
of getting job information would, in any event,
be aecessary.

The solation was based on @ method <f man-
machine synrtems analysia which iz wvmmarzed
briefly in Appendix B.? This technique, equip-
ment analysis, was tased upon the demands mede
by the equipmett on the mechanic.

These demands way be grouped under two
broad headings: (1) what informaiion Joes the
machine provide? (This element requires that the
mechaaic be 2ble to road the lndicators which
present this information.) (2) what must the me-
chanic do to the equipment to get it to operate
correctly within the specified tolerances? These
two aapects sre interdepandent. Therefore, what
the mechanic has to ses (or hoar or feel) and
intaroet war matched with the sperific things he

2). somewhat fulisr presentstion of man-machins task
snalyele was made oy Rebert B, Miller in 8 paper presented
s e Amsricen Pavchological Aseociation meeting In Sep-
tember 1552, Moaifications of e ischniques are being ap-
plled o othe: probleme including the Jenign >f compies
training devices,

e o T - e

had to do. In the cases where he might have to
chocse or decide whst to do, the altematives
were speuified, Finally, it was necessary to
spectly what tells the mechanic that whai he has
done is correct orincorrect afier he haa perfcrmed
e giver action.

In specifying the signals, or cues, which the
mechainic may observe snd the ections and de-
cisions he must make, there are a mumber of
degrees of specificity which may be used. This
research, it may be remembered, waz concemed
with apocifying job requirements for purposes
of training. 1t was thought, thereforr:, that con-
siderable detail should be presented in the analy-
sis. Consequrntly, sfter the tasks hed been
nened which were sppropriate to the job being
studied, s detaniled statemect of each action, de-
cision, and perception required to periomn these
tasks wan made, In e recent analysis of thi=
kind, over 3000 such behaviors were wiitten.

Since such a large number of activities must
be written for the smalysis of s single job such
ss line mechanic for a given equipment, it was
necesaary thst this writing be standardized. For
this purpose the Job Behivior Form was deviawd,
which provides s conrisieat fomat for the re-
cordiag of job behaviors. A sample page from s
Job Behavior Form is presented in Figure 1,

Actvally, of cruxse, the analysis of an equip-
ment as complex as a radsr bombing system
inrlodes s namber of phases not mentioned shove.
The interested reader is reminded that a summsry
of the entire scheme of ""fucciczal anelysix”
is presented in Appendix B.

This step-by-step analysin of job activity
requirements seems like a cumbersome proce-
dure. Such detailed analysis tends to guarantee,
however, that little of importsncs will be over
locked or teken for grented. Later passgispls
meation other adventages from this procedure.

Tae job duta can be filled in by inspecting
the equipment itself, or from specifi..tions of
thst equipment, with the help of the engineera
who can intesmpret its sctions aad functfons. The
check pointz and vslues, adjustments, sad other
features of construction sre translated into humsn
inputs sad outputs of information ‘‘going into
the mechsnic’’ snd responses or response alter
natives, which should ‘‘coc.e out of him.* What
is called *‘equipment snslysis’’ can be dora st
the prototype atage of developnient of aew equip-
ment,
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In summaty, we have secn the potentiai ad-
vantage of belag abie to predict In advance of
the operational ure of new equipment the job re-
quiszmenta for maintaining that equipment. A
method har been develcpsd for recording, with
the use of Standard Maintesance Forma, activity
involved In elimlnating malfunctions from the
prototypr: during its engineering tests. A method
has alsc beez providz2 for equipmeni auulywis
which spelia out the necessary ectlons by the
mechanic: and the infnrmation avaijlable to him
for guiding that action, Equipment analysts is
based on the way the equipment ia bullt and how
it functons. This method may also be applied to
the prototyps. Job activity data and equipment
analysi= data supplement each other. It siould
be noted, however, that equipment analysis pro-
vides a more complete and prolall; wure eiiadia
method of determining technical job behaviors
than does the Siandard Maintenance Form.

Integretion of Equipment Anelysis
And Activity Andlysia

In both epplicatidas of thia procedure to date,
activity analysis data have been either very
limited or completely lacking for the prototype.
Consequently, activity data coilected on the pro-
duction modela were not Intezrated with equip-
ment analysls. It was felt that prototype and pro-
duction model data should be compatabie. The
activity data which were collected, however, were
an independent source of maintenance job behaw-
iots for both the Q-24 and K-l. It should be em-
phasizedthat in both applications the job activity
data added no new behaviors to those obtained
from equipment ansiysis.

Equip=ent analysis provides the sufficient
and necessary requirements for the jodb in ques-
tion. Activity anaivsis, on the other hand, caz
provide d=ta on what is actually done on the job,
When applied at the prototype stage, activity
analyszis should gi-o e pe=view of later field
sctivities on production modeis.

In thinth casee where the job anticication pro-
cedurc has been appiied to date, the equipment
to which it wes spplied had been in use in the
field for some time. These sapplications were
made for the purpose of *“prelimlnary validation®
of the procedute and to determine the extent to
which the ma.ntenance job requirements couid
have been anticipated on those equipmeris. In
these situations where the testing of the proto-
‘ypes was compieted prior to spplication of the

~3

procedure, the only job activity datu aveilabls on
the orototype were those which had been kept
while that testiag waa going an. Unfortunately,
these data were very lizmttcd i one case and com-
pletely unavailable in the other.

It was thought desireble, however, to obtain
practically all avallable actlvity data on pro-
duction models of the equipments. This was
done. In the case of the (0-24, which was the
first equii.ment to which the procedure wes ap-
plied, malfunction problem= recorded duriag pro-
lotype testing were compared with thuseobtained
from activity analysis using Standerd Maiutenance
Forme during regular maintenance opemstions on
production ma4cl equipments. The other dste
obtained on the SMF’a had no countespast in gro-
totype data, s0 they wers nsed only as supple-
mentaty job analysis data on the production mode!
Q-24. In the ceze of the X-1, ac activity data
were available from the prototype. Consequently,
the activity data obiained on K-1 production
models were used as supplementary prodnction
model maintenance job analysis dats,

Overeli imiisrities and Difforsnces of Protetype
Asd Predaction Medei Mointenance
Fer the AN/APQ-U

Checking, Adjveting, Replecing

Checking, adjusting, tronble shooting, replac-
Ing, and repeiring are the five functiona into
which the job of line maintesance has been divi-
ded in this project. Un the basis of equipment
analvsis s definite number of behaviors? is spac-
ified by each of the functions of checking, ad-
justing and replacing. ¥orpurposes of 2 summary
compaanson hetwcen prototype and production,
therefore, these three functions were grouped to-
gether, Before presenting the results of this
comparison, a little expianation about the be-
havlor categories which were set iy seema to be
in osdey,

For these three fusctions alone, seversl thou-
sand behaviors were specified in the analysis of
the line maintenance job. It wes felt that the
cetail und specificity of this behavioral analysia
was necessary {uc u definitve atatement of the
}ob. jiowever, some way of summarizing this lcrge

3A ‘dehavior® refers o o specific ectivity caried out
by e mechanlic in checaing, eijusting or replacing thn
squipemeant, in edditon  ‘‘m2tor,’' o. “arual ectivitie,,
perceptual discriminedons ard decioion: ..ade by the me-
chanic aiso ure ciastec 03 ' Brhevicrs,’
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bulk of behsviors la also deairable for several
reasona, Briefly. the reasons are: (8) the dstailed
statements gre ton unwieidy, making it difficult
to obtatn an overail picture of the job; (b} the
render unfamiliar with the equipmeat may be
puzzied bty muny ieferences to specifc pants of
the equipment, the coanatations of technice!
symbols may suggest @ job cowmplexity not bome
out by the job behaviors; () it may be desirable
to abstract and generalize psychological factors
which seem to be common to groups of super
ficially different job behaviors.

With the above reasona in mind, main area
heedings were set up for grouping the job behav-
iars. The principle that behavior, for the purpose
of this ressarch, may be adequately described by
specifying the stimulua and essential disctimina-
tion ar perception required, the motor respocse
or human outputl required, the interveaing syw-
balic ur mental poceuses, and the criterion of
adequacy of the respoase was the basia for these
main ares headings. The subheadings were sd-
stracted from the behsviora in the detailed analy-
sis.

With the specific bshaviors grouped into these
categories, the comparison butween prototype and
production was made for the functions of check-
ing, adjusting, and replacing in line maintenance
of the 3-24. This compari2on is nresented graphi-
caily ir Fignre 2.

Although therc wss st 8 one-to-one cotre-
spondence with respect to individual behavior
from prototype to production model, the aymmetry
of these two tallies isimpressive. This symmetry
woald support the hypothadis that with respect
to the pattems and relative frequencies of the
bechaviors as grouped by those categories, the
checking, adjusting, end repiacing activities on
the protoiype ure veiy siwiled to the samé job
‘unctions on the producnon models. (More de-
teiled comparson of these functions is contained
in [3))

in eddition to the comparison of the behavinrs
of checking, adjusting, and repincing, test equip-
ment used in those functions on prototype and on
production mo«:els was compared. Six test instru-
mentc ware ramman tn hath nmtatyne and produc-
tion modal, Two test instruments were used oin
the urototype only, and one was upique to the
production model. Training on the use of test
gear used for the prototype would certainiy have
been appropriatz fo: . .duction model maintensnce.

g » - -m‘.ﬂ‘w ‘m 2 5 rer O oot

Repairing

As defined in this project, repair vperations at
the line lovel am very limited, Most of the smpeir
wark isdone in the shop. Line level repair seems
feslncted mainly to replacament of vacuum &ibes,
repositioning cable piug pins, mending broken
conpection between wire and pin on csble ping,
and replacement of dial illumineting lights aed
plug-in relays. Although no specific data were
avelisvie on repairing of the prototype, auch
sctivities aa those just enumerated are common
tc many different equipments. C‘onsequenfly, they
probably could have been foreseen at the proto-
type stage of the Q-24.

Tiovble Sheeting

The most important and without doubt the most
difficult of the job fuactions is trouble shooting,
Trouble shooting is made up of an indeterminate
numbet of problema coatsining an uadetermined
number of steps in their soluticas. [t therefore
does not lend jtself to the seme kind of behsv-
ioral analysia and comparison as the other job
functions,

1o omder to do an apslysis of this funclizg, it
was necessary to apell cut & technique of trou-
ble shooting, since no well-defined method cocld
bs fsund i the Hield, The ments of twn tech-
niques—trouble shooting by logical elimination
of altematives and trouble abooting from probe-
bility dsta were studied. (For & complete dis-
cussiou of kinds and levels of trouble shooting
and the requirements of each, see|3).)

Trouhla shonting from plobl'oililg data de-
pends upon an sccurate, detailed record of per
formance of the equipment. The nuin'wasnce me-
chanic, in trying to tind the cause of a given
malfunction symptom or group of symptoms, con-
suits a listing of thoee comective actions which
had successfilly eliminated the symptoms on
previous occasions. e Hrst performs the comec
tive action which hadbeen successful more imes
than any other in clearing the trouble; that ia, he
takes the most probably cffective coriective ac-
tion, if tiicfails, he tries the next mostprobable,
and so on, This method requites reliable tables
of ‘‘probably effective corrective actiona tor
given symptoms. Such tables must be made trom
tecords of .ast maisienarce work on the equip-
ment.
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Por sont boquoncy of eccwrense

Sehavins caregory 23 20

Drstetrie

Preduction

1S 10 S5 0 ¢ 3 19 15 20 25

Discriminations ond percoptions

‘Jbeerving a ladications
Reeding values oa disls

Position marked diaie
Calitrated dials
Metsre

Notiag relative motioa of dials,
acop? preseatation

Raading radar scops snd oscilloscope

Currying sufficienat apeed and load
ia perception amn response

Krnovielgos

Setting up test instruments
Preceautions

Menta! skills end obliities

Recording or transcribiag informetion
Making arithmetic computaticas

Menval skills ond operations

nﬂﬂrﬂﬂn

£l
|

all
-U

Adjusting controls |

Depressing or releasing button,

knod ot switch
Screwdriver adjustments
Putting together machanice] fittings
Putting together vlactrical connections
Moving o shifting components by haad

Pig. 1 Craphic comparisen of coregerinzed chacking, odiveting, and replecing (ob bohaviers: protetype ve. pradustion

-medr! Q-24

Becanse of the great numbar of symptoms and
aczciated cormective sctions which can and 4o
occut, large numbers of melfunction incicents
seém tobe required for reliable prebability tables
of ciiskind. For exampls, in the case of the Q-24
100 tvose of trauble-ahnoting nmblems (melfanc.
tion symptoms) were abstracted from 420 mel-
funiiioa iacidents (avmptoms end theirassociated
corrective actiona) for the psoduction model. These
are obviously not enough iacidents from which to

apecify probabie causes for the 100 problem
types. Even fewer malfuncti'a incidents (191)
were available on the prototype.

It muat be concluded on the basis of thase
deta and from the necessary requiroments of a
practice! tabie of likely caus+s that the prototype
e=ting will uct be very heipiui for trouble shoot-
ing bazed on probability date.

Trouble shooting, however, may also be based
on a svatematic methad of logicel elimination of
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possibilities, the other technique wentioned pre-
viously., This method hss been judged by elec-
tronics engineering experta to be efficlent as
well as sufficient for lccallzlne thie cause ot
given malfunction symptoms. Although thelogical
sequence may be modified by such fectors as
accessibility and convenience of portions of the
emiz=xzat Sor checking, adjusting, und repiacing,
the basic technique is operativually sound.

Application of this technique requires uae and
interpretation of the functionzl block disgrem =f
the equipment; petforzance of rather aimple logi-
ca dsductions; and use of the skiils sad kaowl-
edges required in the checking. adjusting, and
replacing functions. The degree of similarity
between protolype and production for these iat-
ter three functiora has been shown. The degree
of aimilarity between prutotype and production
=odel block diegrems sisc bears very heavily on
the overali similadty of trouble shocting of pro-
totype and of pemducticn models.

A comparison was therefore made between the
block diagram of the Q-24 prototype and that of
the Q-24 production models. Thisa companson
showed a good many diffetrerices in the locations
of test pointa in the aquipment, With respect to
principies f operstion among ot in components
of the equipment as they might affect froudle
shooting by logical olimination at the liae levwl,
aowever, only three differeaces were noted. Re
ducing this number to any kind of percentage
wauld be relatively meaningless. la view of the
complexity of ibe equipment and the large num-
ber of possible differences, however, it seems
sate to conciude that these three diftevences du
not consutute a seriout dissimilarity between
prototype and production madal block dizgzes,

This finding suggests that, in this cuse, line
leval trousble ahooting could have heen taught as
a general technique and also as s specific skill
on the Q-24 as avon as the block diagram for the
prototyge of the (+24 became available.

Cezmpitlson of AR/AF @46 Vtaining ond
The Job Analysis

imponant tniommation about « job may some-
times be ievmed by looking into the baais for
alleged difticoities which technical schoo! grad-
uates mee! wlien they start their jobs, The dif-
ficulty, even though attributed to training, may ac-
tually lie in *he aasigoment of personnel to iiain-

10

ing, the way in wlich the graduains ate uxed, what
is expectedof ine graduates, the incentive or mo-
tivetion situstion. and perhepz other causes,

In an ettempi to track down the basis for some
compiaints about Q-24 mechanics, the Q-24
checker's course and the Q-24 systems snalyst’s
course were compared with the job requirements
of the line mochanic. The reader ghould be re-
mindsd thet ling mechanic functions, as here
defined, consist of checking, adjusting, and
trouble ahooting onlv to the black Lox (gubas-
aembly rlug-in) level for which the Nock diagram
is almost riways vdequate, When a subassembly
is disgnosed to be deiective, the line mechanic
plugs in a substitute replacement. The shop me-
charnic, as heve defined, diagaoses and makes
repairs within the plug-ia unit which has been
fouad to be defective.

Az anzlycle was made of the content of the
training course outlines for the checker’s and
systems analyst’s courses. A principal finding
was that the content of both these coursss cuts
acrosa the line vs. shop jobs. That is, the
checker’s course contsined classwom and labo-
ratory content applicable in patt to the Q-24 shop
requirements and in part to the Q-24 flight line
job requirecents. The same wse tme of tha svs-
iems snauyst’a conrae, Thiz Sgens thel leaiming
for the speaific job of line mechanic or shop me-
chanic was neceasarly diluted.

1t should be pointed out thet extranecous training
content adds to the difficulties of the leaming
and the tecali of whatever crit.cal materials aeed
to be leamed and spplicd to the job operations.
This has DOth performanci-un-the-job conse-
quences and motiveticzal consequences which
m3y oe undesireble, As mora subject meitet {3
introduced into a Liock of training, the trainee‘e
rate of confusion tends tc go up. If confusion
tends to occur duting trainini, it may be particu-
jarly evident in Ilster attempts to recall the train-
ing by putting it into use if the icb sitoatinn,

Thus, in the performance clieck and adjustment
whichthe line mechanic does on the set there ace
about 840 steps Invaiviag spproximately 3100 job
behaviors, It will be remembcred that a jeb he-
havior is a specific action unit such ss ¢ per
ceptual discrimination, @ mot.r response, or 8
declsion. It is true that wl] the steps and the job
behaviors we not aitogethe: independent, and the
count 18 azbitrary in scveral other respects, The
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atterapt 8 made here only to demonstrate that
thia one phese of the joh alone it an extensive
one. Approximately I3 hours of the checker's
course seer to have bren allowed for actual
practice in the 1choratory of » complete nerform-
ance check on aiive mock-up of the aet.* It takes
& competent, experniencad (J-24 mechani¢ between
two hours and two days to do one compiete per
formarce chegck.

The student had so:ie opportunity to practice
check procedures on portions of the set previous
to these 14 houra. However, the nature cf the iine
mechenic's job requires that he lesm ths chsrac-
teristicsof the set function.ng asa whole, Becacse
of the many interlocking functiona of the sst, not
oaly the checks and adjustments but trouble shoot-
Ing at the line level requires & thorough famili-
arity with the equipment ot the block disgram lavel
(ratber than the circuit disgrem)., The block die-
gram emphssizes and simplifies the interaction
of one black box with another ratherthanthemaze
of circuits within each box, It must be concluded
that additional time spent in actual practice on
live mock-ups ia required if the student is to be-
ceme femiliar with the se! functioning as s whole.

Another conclusion, tentative as yet, is thet s
somewhat grester proporiion of the time devoted
to actual practice of the job behaviors iz & simu-
lated job context tban is now spent would be of

hanafit ant anlu $a 1atay noclnee anmy A6 tha i~k
enell, 20T 22 Y 1T WM PENCIEERTT L =5 S

but in clarifying for the atudent what hia training
is Intended to sccomplish.

More conbe raid about this lest point. Bacause
of the admixture of training to wotk at the blsck
box level and at the resiatorcondenser level, it
ispossibie that the student is not abie to develop
a clear idea of what hi® eventual tasks are going
to ba, Tais type of confuzion may not only have
its motivalicnal consequences, but it may inter~
ferc with efficient orientution toward leaming the
jut. Thispointis, of course, @ mstterof conjecture,

Disregarding the degroe of practice given to
students, the snalysis of ihe contents of these
two courses (systems checker and systems ana-
lyat) indecates that the line job is covered by the
conten:s of both courses takan togetheor, But both
courses have o large amount of additional conteit
some of waich 18 reievunt to shop manienance,
The ivtal training time did not seem adequate,
hcwever, to teah one set of students both line

‘M"ordhg 10 « leainiing syllabus dated 8 April 1952, sup-

plled vty Detechment My, ), 3303d Research and Devel. jyrant
Groug, Keesler AL'D,
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snd shop maintenance to an acceptabie level of
Job proficicacy. It should be emphaslized that this
toquires a large amount of prectice in job con-
texts, An actor or musician does n:l rush out to
perform publicly after his first rehearsal without
orrors; ratherhe ‘‘overlestar’ by “‘overpractice’’
to allow for inefficiencies of memory aad local
disturbences of vsrioua kinds,

With improved methods for anticipating the total
mairtecance job in specific behaviorsl terma, it
ssema possibie thai decisions on job division
can be msde more realtstically, Cnce the total
Csuaviorsrequired by the equipment are specified
inconcreteterma, these total requissments can be
broken dowr: into pattems of individual joos such
as line mechanic or shop mechenic, The factors
to be taken Into eccount ere: (1) what breskdown
of thy, whole maintenance task will be operstion
ally prectical yet st the same time permit (2
selection and training for esch job rating to be
made ss economically as poasible while (3) pro-
viding & realigtic: oopottunity for flexibility in
resssignzent to closely related jobs foiiowing
cn-the-job training.

These recommendations do not, however, require
job specialization. Thus the operstional demeczds
and overall job raquirements may indicats that
it would be most economical azt to make a =plit
into several jobs, But the decision whather or not

oabhonnts oo » Jabh e D h o el 8 10 See -
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be best mac: after the job requirements (and thedr
training implicationa) are speliad out,

Principles in Designing Equipment for
Siwplidty of Mointenancs

Although the preceding discussion has been
directed exciusively toward the mechsnic’s job
in mointenance, s iew words shouid also be di-
rected toward the design enzinees's job in plan-
ning for maintenance. This iz the problem of
meintenence simplification, It is imgortant to
recognize three general principles which may be
the mechanic’s job. The first is Lic design of
new equipmen! is also the design of new iohs
Two job areas are invoived: operating the equip-
ment, and maintaining or servicing the equipment.
The more thst what is known about humun beings
is usedin the design of new equipment, the better
these two jobs of operating and #aintaining can
be dones Until rercentiv in designing equipment,
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much more effort has been A.rected toward sim-
plifying the operafo~’a job than towerd simplify-
iag the maintenance man’s job, The trend toward
planned simplicity 1n the mechanic's job needs
to bc utepped up and made core systemstic.

A second pricciple in that even an scuipment
which gerforms very complex cperstions cai be
deaigned so that it is not only comparatively
aasy (o operate but 1a comparatively oasy (o
mantain For example, by making perts which
are standard and interchangeable, strides can be
made in this directior, Simple methods of testing
the equipment and packagiog it so as to simplify
trouble shooting snd replacement of defective
perts are othar examples.

A third principle is that the dependability and
maintainability of a new equipment in reslistic
tield conditions should enter into the decision of
whether it is desirable, from a military standroint,
to use the equipment. That is, the msnpower price
zhcald ba included in the cost ploture,

The rescaich reported in these pages is con-
cemed, st leest indirectly, with metheds for
implementing these three principies. However,
ss noted previously, the major parpose of the
levestigation, and oue with pctentially immediate
pay-off sesulis, is the stady of how to predict the
jub of maintenance mechanics on s new piece of
equipment before that equipment hss been manw-
{mcmred in quawty,

Practical impiicetions

A sumber of ptimary and secnndary practical

traiving have had their intuitions sbout equipment
end hunches about teaching heavily texed.

Ue!ngthe procedures develonad in this project,
maiotenance job anticipstions for equipmest in
pre-production stages of development could be
mede, These job anliciputions could thez be
organized into training iequirements. In ~ther
woris, the training content of courses intended
ir specific equipment maintenafite would be
spelled out,

Job behsviors obtained in advance could aiso
be usedforthe piepsration of selectizaprocedures
and job-oriented proficiency criterie,

The development and tryout of training aids
and devices may be undertaken concurrent with
late prototype and eafiy production steges. A
clause in recent contracts with masufectusers in
the development of eauipment stipulates that
special plans and effort will be given to working
out training eids and otherinstructional materials.
Thia c!=s3c iz #o! practical, bowever, anleas the
the training aids aro actually relevant to the
learning of the job, and job relevance obviousiy
cannot be deter=ined without Locwiedge of the
job activities. The anticipation of job bebaviors
can therefore provide a real basis for the dewign
of training aids and devices eariy enough to ellow

‘for their timely development, and furthermore it

t55di 10 gunisnios v (Cuevame of (nese dsvices

to training,

The Comman Foswoe of Redor sleintenance Job
Famitios Con Proavide the Jesie for e
Reder Fundementel s Tourse
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¢ outcomes of the research are indicated thus far _
' : The realizstion of some of these outcomes in- '“'5’"'"“3: Cheaper to “:“P and sdminister
3 ¢ volves more research. Giisers require the spplica- 08¢ cowse of ‘fundamentals’’ icx ten grotprs of
y 4 tion of principles sndtechniques obtainea directly specialists-to-be thanto teach these came funde- ¢
! i from the research described hercin. The general  mentals separately to each group, This presumes ‘
4 | areas of these sgplications are sumsadzed inthe  thet the same treining materials arv relevant to
f : following section. ail the groups trained. However, lt'l’aﬂl impon }
of § tani o speciiy basic or fundamentai kncwiedges, ]
i 3 skills, and sbilities from job derived data end
; : : Qonerd Arsss of Asplicesians towarda job directed cxiteria rsther than to ae- :
: H Meimtenence lochanics Con Do Trained for Thoit jobe sume the natusre of these fundamentals in planning :
. ¢ White New Equipment 1sin Preducticn training Coutses. Thus, rather than sssuming text- ;
i "y , honk thenry to be e necessasry pact of ttainiag the :
i . . A¢_°°'d:’¢ ":h:?o;-:b&:mﬁo-ti‘n__ fuctory  mechanic, the job activities ahould be atudied |
: . reining and in 10l rainieg C°‘~.‘“"~' ‘L0 first, From them perhaps a fob-oriented set of
§-- ¥ be practically unique to begin work on a treining  «penarg; ' principles can be prepared,
: syllsbus from u complete ststementof job require ;
3 3 ments, In the past these job statements heve not The Q24 job analvsit is oi€ in @& number of i3
] been available. Thus persons responsible tor similer analyses whicn are to be made on relatad
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kinds of equipment. From theee vazisus analyses
there can bo found those job requirements which
sre comman to the job family cf, say, redar me-
rhanjcs, Fromthetraining standpoint, these com
mon job requiremarts are ’’basic’ ¢r “’funde-
mentat’’ to the job group,

One can say with confidence that one job re-
quirement common to &ll technical jobs i3 the
ability toread toechnical orders and trensjete them
ieto job action. The more difficuit the technical

s paregrepn here. The nature and extent of traia-
ing, in some cases, seeme to have been detamined
on the basis of phrasea such es, '‘Wo don’t want
meatball mechenics who can’t do anything but
follow the cookbook,’’ rather then on the basis of
concrete facts and definitions. It s eusy to reply
that one would prefer estizg a cake baked by foi-
lowing e good cookbook than improvised by some
kitchen chemist, but debste on this level I8 mote
a text o Wit tnan Deip 10 the probiem. There 1s
piobably sgreement that what ia wanted, ss s
minimum, i3 mechanics who cun perform procedures
accesding to diroctions and do so with rapidity,
thoroughness, and sccurery, As a maximum, me-
chanics who were poteutially able to redesign
and rebuild the catiie 388 fina bailing wire and
toothpicks in a few hours would be desirable,

Another kind of ctatement Hrequently hewd ia
‘‘A man can’t orwon’t do a gnod job if he doesn't
undersiand what he is doing.’’ The joker in this
sentence in the word ‘‘understsnd.’’ It ia true
that Joo will work harder when he has wurk-ivuted
objectives and a knowledge of how his varinus
activities l1ead to that objective. Sul this knuwi-
edge, iike the answer to the question *‘What 18
sex, Daddy?'’ may occur at various levels and
still be valid and satiszfactory to the one asking
1he question. Iti5 a iesearch probiem to determine

what infcrmation is most eusily learned by the

mechanic an’ is most effective in gatting the job
done well. Move rigid selection and lengthier
treining might, no doubt, increase the number of
potential probiems which the gradustes cansolve.
But standards in thesc espects are witeady high

aud to puah ther higher would not be warrested
in terms of costn unlsss the charactor of seieo
tion sad training methods ware first chenged.

Altlough the present research wili not by any
means solve all of thesa problems, 't is expected
to provide some inforration to support or refute
hunrheuas tn what content shanld be emphaai zad
in ‘‘basic’’ or *‘fundarceatal’’ courses.

An one system becomes obsolete, mechanics
vecome avsilsble for transfer to a new equipment

; crdere sre to read and interpret, the more the  System. By showing job aimilasitiea and differ-

! training which is needed, Unless the student is  ences between awrlier and later systems such &s,

f able to carry in hia head the entire contents of for lastance, AN/APQ-24, K-1, and others, a .
t the directions in tha techaical orders, he will  picture will be obtained on what ia essentiai for |
!f have to intarpret them (or go. somebody else to  transition traininsg. !
't intecpret them) whan he geta on the job i
1§ The knowledga ‘besic” to the desigr of a Propariag Tochnissi Ordors ln Baheviers! Torme |
if tadar is not necessarily ‘‘basic’’ to maintuining = 1
;; it. This reises an isace which déserves at least Ar ideal met of job instructions wouid be those !

axactly sufficient to enable a pasasa knowins only
the namea and locations of the objects referred
to in the i nstructions to perform, without edditicas!

2lp or experience, all the routine procedures of
that job. Thia ideal may not be altogether unroal-
istic, .

Technicel orders are vsually prepared by engi-
neets. Their style, content, and format seem in-
teaded for fellow professional engineers. Thoosy,
zad detsits of construction and squipxent acticso,
as well as ether kinds of information, surround
and inicrtlard specuzic insgtrustions on whak w do
and when to do it. Job instructions in these tect:.
nical ordets, although accurste, tend to be in-
complete and unclear except perhaps to one whu
already knows the procedures.

A conpiete, cleutly written set of job instruc-
tions may not only supplement a training progrem,
but i1n some csses it may actusily teke the place
of train:ng. If pcinted words cannot communicate,
then the mechiamic must learn by doing end by
wemonizing what o duw The petformance che<k
of one equipment may consist of seversl hundred
steps. This takes a It of memorizing,

The present project has developed methods of
siAting down job activity data on Job Behavior
¥oms (a sampie page wus provided in f1gure
1). Besides serving a research purpose, this
scheme may be adapicd to a method of setting
down maintenance instructions, Although it may
seem at first glance somewhat cumbersome, the
fornat cen be quickly leamed both by the writer
and the reader of technical instructions. The
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formet minnmizes iilasary skill in composition and

interpretatior with a corresponding gain in clear
ness.

Work elso nerds to be done on simplifying the
terminoiogy ir uses Thiswouldbe a task iivolving
major revision of current technical vocebulary.

A set of compiete end ciear job instructions
cac serve many purposes including those of train-
ing and proficiency evalusticn. Most important of
£l], they canbe acrucial instrument in simpiifying
learning and deing the lob.

The research staff on this project is interested
in further adepting and testing this promising
technique of ‘‘job ectivity communications’’ lo
technical ordets and handbooks of maintesance
instructions. This work, if begur ir the eariiest
stagea of production of new equipment, canobtain
two objectives with one effort. The first objective
ts a comprchonsive job statement from which job
analyses may be made for training end selection
purposes, The second is, of course, a ussble
handbook of job instructions for both treinees and
technical school graduates.

Casrdinating €quipment Dosign ené Job Desi;-

One of the by-prclucia of this resesrch has

haon thae sarneaitine Af tha lmcactanas ~f 1
e the maoagmifios 22 a2 555°

tegrsting job design and equipment desmign st
estly stages of equipment deveiopmént. The com-
parstive simpiicity or difficulty of the maintensnce
job is built into the equipment, The engineer ia
designing & job when he designs, for exampie, a
radar set. The engineer should be aware of the
capsbilities and the limitations ot the liuman
beings on whom cffective cperational use of the
equipment depends, There Las bean a great deal
of rasearch in temms of which speciaiists can
specify, with respect to a given piece of equip-
wmont, the activities wanich human beings cun and
caonot leam to do eeadily aad with 2 minimum
risk of error, Specisliats in human resovrces and
in sctual training ahould assist in plencing ‘vhat
the equipgiment wiil be. The planning ¢ngineers
may need to be reminded thst the equipment will
be no better than its maintenance, The manufaec-
turerneeds to be advised that he shou.d not count
on having enginceting coiiege greduates tc kesp
the equipment serviced. He should count, rather,
on high school graduates somewhat, bot not siart-
lingiy, sbove aveiage inteiligence. They wiil
piobably have a sumber of weeks of schonling in
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their job but only a few hours of real practice of

their job operstions on actual squipment before
they get piaced on thear joba

The design of testing gear and of ieating pro-
ceduras may also proflt by ussistance from human
tesnurcec and training epecialists in planaing
carly in the develpment of the system. Thua,
aithough the engineering paychoiogist and the
instructor may be « nuisance to the design engi-
neer, their criticisms and coasmtructive sugges-
tions on check and test goints, testing geau, wid
packaging of the sei abould pay off by savings
in treining and other manpower requirementa foe
maintcnance,

Inthe course of tiia research some informetion
hae been coliected about how to design equipment
for the simpiifying of maintenance. Thia infor
mation is by no means exhoustive of the many
deveiopments being made by vwrious wanufsc
turers who heve been working individually on
this problem. P iing oi information of this type
emong the services would be very beneficial.

Getting end Coordinating Informuiion
On Meintmmes Activitios

Another by-product of this resesxch was the
development of the Standard Maintenance Form
(wee Annendix &) Thie wes o (nemat end o nen-
cedure for getting and storing maintenance activity
detz, the absence of which was s severe handi-
cap, not only t) the present research effort, but
aleo was s frequent source of embaizassment to
the Air Force in solving many other problems,

An otganization, lise an ladividual, can profit
from experience, In order to do o it must observe
and remembet information. The mote accurstely
end completeiy televant details are noted, the
rnoterefiably can the information be used in solv-
ing the next problem. But the memory system of
an organization csasicts of ita records.

Ahough extensive improvementa have been
noted in maintenance record-keeping duting the
casl (WO years, altention may still with nrotit be
directed towards the problem. Ideally, mainte-
nance tecords suitabiy monitored and interpreted
should provide dota whick may help the foliowlng
functions

1. Guide the modification of equipmeat,

testing devices, maintenarce, and opereting pro
ceduses.,

2. Design of maintenance jobs.
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3. Predict jobrequirements in overall main-
tenance of a given type of equipment when used
during protciype testing,

4, Standardize and simpiify recotding, clss-
sifying, and filing of maintenance informatior,

S. Aid maintenance personzel on the iine
in their duties.

6. Help find bottlenecks in maintenunce
operations.

7. Provide criterion data for evajuating
maintenance st the level of ind!viduals, organ-
ixgtions, fields, and equipinent systema,

Only such data should be obteined which ectu.
ally will be processed and from which decisiona
will be made 1f, boweves, it is decided that s
given form of dste wiil be collected, thorough
indoctrination and monitoring must be given to
those who uote end record these date; otherwise
the informaticn wili be biased, incomplete, and
misleading, Most people who work with tools end
intruments Jook on record-keeping as e nuisance
chore, This attitude is fatered by poorly organ-
ized forms, requirements of excessive writdng
and literary effort, the belief thet nothiag will
come of the information recorded, end finally,
the indifierence of sunervisom

If recording of information 3 to be done at all,
it must be mzde an essential pert of the job and
tcvognized &S such both by the man cr the jcb
and by his ‘supervisnt, Indoctrinstion must be
started during treining so thet :ecord-keeping
gets leamed as an integral past of maintenance
wotk, But the man who keeps records must be
awase wud perticipate in theit consequencas if
he ia to remain motivatad If he se=s the previous
year's records =ufled in a bottom desk drawer
gothering dust, he wili rightly resent the red-tape
ooper work he hes to do,

The present research hgs devaioped @ foraat
of a 5Standmd Maintenance Form (Appendix A)
which ia especially iztended for electronic sva
tema but may be adapted to mechanical systems
as weill. The SMF has hed field tryouts, but thus
far only 23 a temporary end ecceasory form of
rocord-keeping.? Data kept on it would assist in
the seven functiona mentioned several paregrapha
gbhove, Although tha MF wes designed as a re-
sew.ch instrument, it ts aiso ‘sffered as a format
for recozd-kevping wherever compiex eiecisonic
geer is under maiatenance,

Detalls on ths construction, rstonale, and use of the
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Overview and Farecast

A brief ovesview msy helo to show where this
reseagch now ‘stands and what directious it is
planaed to take

Methods heve been developed for making com-
plete, concrete stetementa of the msintenance
job, These methods rcly on en enslysis of what
the men must do, The snalysis is based on the
coaxtruction of the equipment plus data on mel-
functions snd corrective actinas taken from mein-
tenence activities. The technique wan spplied to
Q-24 prototype date and compared ¥ith s similar
analysis mede of the production acdets of the

34 uses in Strategic Alr Command The flight
line meiatensnce jobe described by these two
anslyses were very similaz, This suggests that
sctual training on specific job behaviors of Q-24
line mechanics could have bsen prepared ead
given before production models were in use

Current and future research on other equipments
will demonstrste whether specific and detailed
maintenance job requirements can be similardy
amticipated on them. If 2o, the methods for job
snticipation can be recommended as s standasd
practice. If this is done, yeers of iead time in
training may be ssved whenever there is made &
‘‘calculated risk" that the :s._\l_v_\!y:e will m:-]—
g5 into production.

The job of maintensnce can be simplified by
suitable job design and division of over-all main-
tenance into individual jobs, These ends can in
part be schieved by engincering design coordi-
nated with job design. A revised mothed of set-
ting down job inetructiona (technicel c:ders) may
also do much to aimplify training snd performance
of maintenance. The present research bas de-
veloped formats which may aid in this simpiifice
tion program.

The stress on the cuilecting of iob detg led to
the design of & format czlled a Standerd Mainte
nance Form. Thia SMF is also intended to get,
with minimum effort in writing, deta for diagnoe
ing what needa to be done in sst modification,
tralning, and maintenance operations An altempt
wili be made to get wider anplicatics of sizcls
techniques for getting and processing dsts from
prototype and field wmaintezance ectivities, It
ia intonded later to try using the SMF fo¢ indie
viduat andcrganizational criteris of effact{vaness,

By collecting iob infommation on the date of
aevera)] radar mechanics’ jobs at varicus levels,
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it is expocted to find out what elements they
have in common. Theze '‘elements’ will not be
derived from amchair opinions ‘such as ‘‘if they
all work with electronic equipment they have to
‘know’ electronics.’’ This may tum out to be true
in certain waya or itmay not, Itis sound, at least
from an sconomical stendpoint, to find out what
nctual job behaviors are common to the various
joba. Then it can be insured that practice can be
given on such behaviors in so-called ‘‘besic’’ ot
"*fundamental’’ achocis. Ozthebasis of these com-
mon job behaviors it mey be leamed what “‘know-
ledge’’ ot principies to :cach the mechanic which
will most effectively bring his intclligence end
interest to bear on hiz job problems,

During the period of work on this contract there
ta evidence of some ‘‘spontaneovs creeping’’
towards many of the sagyestiona proposed here,
Through trial-and-error of manufecturers, engi-
neering development, an! technical traning,
these people themselves are changing in the
directiona proposed in this report, Research,
however, speeds and makes systematic the nomal
trial-and-ctor process It can also make resalts
svailable to a wide audience rather than allowing
them to stay locked in the heuds of one oc two
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Aspendix B8

An Our.ine of th= Lagic In Fu .ctional
Anelysis

Thefcollowing steps are intended to trece broac~
ly the relstionships batween the over-all purpose
ar objective of the equipment and the job actions
which must be performed on the equipment, In
other wsida, the ‘4ob’’ of the machine is shown
as imteriocking with the job of the man. This
enslysis mey be carried down to extzemely spe-
cific man-machine tasks. Aitkough the present
context is thet of the maintenence job, the same
echiemo might also be applied in determining the
job sction requirements of the operstor of the
equipment,

A detailed extension of this scheme provides
a basia for integrating equipaent design aod job
desiga during their fomative stages. It slao
prevides fore svetematic job analysis, (Note that
e fictitious example is given.)

1. What ja ihe eperetiensl fwactien of the
oquipmant? The uperations! objactive and its
iimits are determined by military specifications.
For example, AN/X tades bombing equipment has
as it fuaction ihe droppizg of bowbs with 50 aii
sacurecy oo the basis of gpecified kinds of input
information to the equipment, Fifty mils is the
“tolerance iimit’’ set for the equipment as a
whole,

2. What are the voiobler in the operetioncl
fuaction wkich are controlied by the equinment?
These vasiables usually arise from natural phe-
nomena. In squinment AN/X thode . etiables are
the veriabies of the ‘“bomhipg end c=igationa:
problem’ such as distazce from *:voet, wind
diraction, wind valocily, air or graund spoed of
sircraft, bomb hallistics, aid 20 foth, Subsystema
ol the equipment control each o these variab' s
with specified tolzsarse Linits of accuracy, The
toleimins simil of all subeyalvws (ogoihicr is J&
terminedby tho tolerance limit for the operstional
function,

S, Whai ar= tne Intorectien regquimements of
the parta of the equipment to each other within
subsysteme? This requirement is deiincd by the
toletaimce iimits pormitied for the specific al-
system in question. [n the AN/X sulaysiem, ius
the conteol of Canpuiung distence from Qgggg!": tha

x

output from eech component must varty wntire
specified limits in reletlon :5 the data fed in'o the
components of the subsystem. These equipment
intcsaction requirer:~nts involve the engineering
ptoblems which the design of circuits and wne-
chaniams must solve. A sample staterent would
be ‘'‘Whea shai* A is rointing et x, the changing
rate of the gesermor must be within 2 anperes of
value y or the equipwent wiil tead not to control
for sugular distance from the tirget within allow-
abie tolerences,

4, What are tho indicetor requirements of the
oquipment? These ~+= provided by ths engineering
designers, Tuey offer direct or indirect evidence
of the adequacy oi operstinn of the set and its
components, For exampie, ‘‘When the Revolations-
perMinute indicstcr is 100 plua or misus the
width >f the needle, the Rate-of-Charge meter
must read 25 plus or minus 2 enits, *’

£ Blatmrethn mechenic’s Informetias regmiic
meontar in vibey words, whel wasi the set teii ibe
mochanic so thst be will know it it {(or some por
tion) is petforming sdequate’y? This set of re-
Quirementns iz made up in part {rom what can be
done by the mecheaic = comect the component’s
actiors end in pert irow what needs to de kaowa
in order to decide whether the equipment should
or shculd nst be used in a mission. The charac.
tetistics both of the mechanic and of the equin-
ment meke up thisrequirement. Pointer indications
on the RPM and Rate-of-Charge indicators vequire
that the mechanic teli the difference baiwwen an
in-toletance asd cut-of-tolerance resding.

6. What are themechonic s ection regrice==nta?
What does the mechanic bave to do, and do it
with, and to =w3at, 1n ordei tiat tie sat wili oper
ste propesiy? Both the equipment sid the mechanic
togeiher pose these requirement They involve
the ways in which the mechanic can contral the
change of action of the set ot portioas ui it. Thus,
he ... have a “Rate-of-Cliarge’ edjustment
sctrew, When he turns it to tho right, tho charge
raie incregscs;, when he tuins it to the Jeh, :i
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7. What are the michanic’s feeclbeck informon
tlon rcqoiromenta? Wha: will tel! the mechmnic
that his sttempted corrective action wes adequate
or inadoquate? If his firat respoase fulls to be
adequats, other uctions which he may leke o
hiing the ncedie intu the comrect position may e
spelled cut, These glternatives da~cme subtasks
ia the job.

Note thxt steps 5, 6. zna 7 ue the job aof the

et WS Sl 4 . i,

21

mechanic into the job which tae equipment has to
perfarm, Steps 4and S link the action of the equip-
ment to the 2ction required of the machanic and
are the steps wher® engineering design and icd
Jdesign come togethetr, This is alac t:1e in Step
7. in the eagineet's languasge, the functions of
the mechazic slus ths function ol the equipmer!
form a * closed lo0p. "’
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